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INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCTyGB98/03695. 



I. Basis of the report 

i Thi. rPDort has been drawn on the basis of {substitute sheets which have been furnished to the receiving Office-in 
' ■ L^^^nsa /c " IZZ under Article 14 are referred to in this report as 'originaily filed" and are not annexed to 

the report since they do not contain amendments.): 

Description, pages: 

J ... 

g g.ie as originally filed 

^.5 7 3 as received on 



20/01/2000 with letter of 



17/01/2000 



Claims, No.: 
1-7 



as received on 



20/01/2000 with letter of 



17/01/2000 



Drawings, sheets: 

1/3-3/3 originally filed 

2. The amendments have resulted in the cancellation of: 



□ the description, 

□ the claims, 

□ the drawings. 



pages: 

Nos,: 

sheets: 



3 □ This report has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 



4. Additional obsen^ations, if necessary: 



III. Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non-obvious), 
or to be industrially applicable have not been examined in respect of: 



□ the entire international application. 
El claims Nos. 4 - 9. 
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because: 



□ the said international application, or the said claims Nos. relate to the following subject matter which does 
not require an international preliminary examination {specif)^: 



gj the description, claims or drawings {indicate pariicular elements belov^ or said claims Nos. are so unclear 
that no meaningful opinion could be formed {specif}^: 

see separate sheet 

□ the claims, or said claims Nos, are so inadequately supported by the description that no meaningful opinion 
could be fornied. 

□ no international search report has been established for the said claims Nos. . 



V Reasoned statement under Article 35(2) with regard to novelty, inventive step or Industrial 
applicability; citations and explanations supporting such statement 

1. Statement 
Novelty (N) 

Inventive step (IS) 



Yes: 


Claims 






No: 


Claims 
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Yes: 


Claims 






No: 


Claims 
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Yes: 


Claims 
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-7 


No: 


Claims 







2. Citations and explanations 
see separate sheet 



VIII. 



Certain observations on the International application 



The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 

see separate sheet 
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INTERNATIONAL PRELIMINARY International application No. PCT/GB98/03695 
EXAMINATION REPORT - SEPARATE SHEET 

Sections III and V: 

1 Claims 1 and 2 lack novelty in view of D3 (identified below). 

2 Claim 3 defines a method in' so broad terms that no reasonable examination can 
be carried out; see also section VIM. Basically, claim 3 claims to make a mass of 
diamond crystals wherein source crystals are contacted with a solvent/catalyst 
and then subjected to suitable pressure and temperature conditions. As such 
processes are generally applied in the art for producing wear resistant materials, it 
appears that claim 3 lacks novelty. 

3 Reference is made in this respect to the following documents: 

D1- EP-A-0079 117 (GENERAL ELECTRIC COMPANY) 18 May 1983 
D2- HONGCHANG YU ET AL.: 'Sintering of Ultrafine Diamond Particles Under 
High Temperature and High Pressure' DIAMOND AND RELATED MATERIALS, 
vol 3. no. 3. 1 February 1994. pages 222-226. XP000483447 LAUSANNE CH 
D3- SHI MING HONG ET AL.: 'Diamond Formation from a System of SiC and a 
Metal' DIAMOND AND RELATED MATERIALS., vol. 2. 1993. pages 508- 511. 
XP000361 192 AMSTERDAM NL 

D4: US-A-4 551 316 (EIICHI IIZUKA) 5 November 1985 
Section VIII: 

1 Claims 3. 4. 6 and 7 are vague and indefinite because they do not define the 
process conditions needed for producing the material but merely indicate the 
desired results (eg in claim 3: "the conditions of crystal growth being chosen such 
that the source crystals are converted to crystals having developed macroscopic 
facets of low Miller index") or refer to an effect (claims 6. 7) without defining the 
process features that are necessary to obtain said effect. 

It is observed that, contrary to the requirements of Rule 5.1 (a) (ii) POT. there is 
no indication of background art in the description. 

Attention is drawn to the copending application PCT GB98/03696 of the same 
applicant which relates to similar subject-matter. 
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CRYSTAL GROWTH 



x^^mroTTrm thf r^NrioN 

This invenuon relates to the growth of diaxnon d[_ . ul i r h n r n n n i m r ^^^ W- 
..^crystals under conditions of high temperamre and high pressure. 

The synthesis of crystals at high temperamres and high pressures, 
particularly diamond and cubic boron niu-ide, is very well established 
commercially. There are two principle methods employed, both from 
solution, namely a temperamre gradient method and an allotropic change 
n^ethod. In the temperamre gradient method, the driving force for crystal 
crowd) is the supersaturation due to the difference in solubilities of the 
source material and the growing crystal as the result of a temperature 
difference between the two. In the allotropic change method, the dnvmg 
force for crystal growth is the supersamration due to the difference m 
solubilities of the source material and the growing crystal as the result of an 
allotropic (or polymorphic) difference between the two. 
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The presen. invemion provides . n«ss of «,«»..r-P-*-*«* 'i^"™' 
c^slx Which have . sUe of le« *an .00 micros and in which n>ass *e 
IjcJof UK crys-au. a.d preferably a. leas. 80 perccm of *c mass, ar. 
rC^opicaUy facercd .n.e crysuis. SonK of *c crysuls n«y t« 
twinned. 

A of/c^!;^rwtoh arc predonrinanOy „cpicaUy face^i single 
Ly l« produced by a merhod. which includes U>c sreps of 

„ass by bringing U« source/trysuls imo con.c w^ a 
solvenr/caulys.. subjecing *e reacuon mass <o condruons of eleva.^ 
.enrperan^e and pressure suiuble for crysul grow* in *e ™zo«of 
hLh .cnrperanne^righ pressure apparan^s, removing *c reacuon ^ 
f„m d« reacdon zorK and recovering .he crysrals from *e r-™™,"^;^ 
L condiUons of crys.. growO. being chosen such *a. 0,e sowce^c^^ 
1 „d 4;?sXS^ving developed nracroscopic 
i^ex. nre nis of crystals will generally conram a. leas, 80% 
macroscopically faceted single crystals. 

The method of generaung >he supersantration driving force necessary for 
orvsta. growth used in the practice of this invenuon depends, a. least m part, 
a^d preferably predominantly, upon the d.fference in surface free en«gy 
low Miller index surfaces and higher Miller mdex surfaces. 
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hereinafter referred to as "the Wulff effect"; higher Miller index surfaces 
having a higher surface free energy than lower Miller index surfaces. The 
equilibrium shape of a crystal occurs when the minimum total surface free 
energy per unit volume of crystal is attained, i.e. when the crystal is 
bounded by surfaces of low Miller index. Higher Miller index surfaces can 
be considered to comprise a series of stepped low MUler index surfaces in 
close proximity to one another. Such a situation is included in the term 
"higher MUler index surface". When a crystal is in its equilibrium shape, 
there exists a point whose perpendicular distance from every face is 
proportional to the surface free energy of that face. This is the basis of 
WulfTs theorem. 

It has been found that in the case of diamond, fee-pi a ui cd crystal in ^ h £} 
[^jLiiM nfThr in— ^-7'^- difference in surface-free energy between high 
MUler index surfaces and low MUler index surfaces is large aiid caii 
generate a supersamration which sustains crystallisation when diamond 
crystals in various sizes, including those tens of microns in size, are used. 
Thus, the invention has particular application to the growth of diamond 
crystals wherein supersaturation is created, at least in part, and preferably 
predominanUy. by a difference in solubility of crystal surfaces of high 
Miller index and crystal surfaces of lower Miller index, e.g. by the 
reduction of surface-free energy by the substantial elimination of steps, 
. kinks and other strucniral defects which characterise macroscopic high 
MUler index surfaces. 

It has ftirther been observed that the Wulff effect is dependent on the 
conditions which prevail in the reaction mass. For example., for a given 



SUBSTITUTE SHEET (RULE 26) 



wo 99/2941 1 



4 - 



sowem/ca^lys. and pressure , applied. U,e Wulff effec. .s depended on 
,en,pe«n,rc and .in„. as can be seen frco, U,e graphs shown .n F.,ures 
and 2 The graph of Figure 1 shows a>e t=n,pcra«re dependence of U,e 
wulff effect on diamond in an iron-nickel solvent/caulys. a, about 5^4 GPa 
wim this condiUon being maintained for one hour. The g«ph of F.gure 2 
shows a« temperam,. dependence of the Wulff effect on diamond m *e 
^ iron-mclce. solven^cacalys. a, about 5.4 GP. wiU. the co«iiuon betng 
Th-tained for ten hours. From these graphs, it wi., be noted that the 
I source ctystal si«,.he higher the applied temperatur. to ensure that the 
wulff effect dominati and the production of a ctysta. mass contatnmg a 
^^.proportion of single crystals having facets of low Miller mde. . 
!L1 SimiU. graphs can be product for other -—1- ^ 
.pplicd p«ssur« to determine under what conditions the Wulff effea 

dominates. 

particles with a high potion of high MUle, index surfaces ^'^^^^ 
iii^A' -adily than particles with a low proporfon of h.gh 
1. faces. Further, particles with a low prcponion of btgh M^cr mdex 
surfaces may only facet partially and/or show dissolution facet.. 



ii . ^1^, , I,, ^ por diamond crystals, the 

~i:;rCin^^^ a.e '.ange 1100 to ISOO^C and the 

elevated pressure generally in the range 4,5 to 7 GPa. 
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The fe*«ter-pa«ie«tefa diamond ctysuls^^may be recovered from the 
reaction mass using methods known in the art. For example, the most 
practical method is simply to dissolve away the solvent/catalyst leaving the 
mass of co'stals. If some of the crystals are loosely bound to other crystals, 
ihey can be released by light milling or other similar action. 

The method described above will primarily be used to produce a mass of 
crystals which has a size of less than 100 microns. However, the method 
may also be used for producing, a mass of macroscopically faceted crystals 
of larger size and this also forms part of the invention. 

The source^^;s;;iT^y be provided by panicles of irregular shape and 
substantially free of macroscopically facetted surfaces. An example of 
suiuble source crystals is the product of a crushing operation. By way of 
example. Figure 4 shows a photograph at 260 x magnification of angular 
source diamond crystals. The source particles may also be provided by 
particles which have been treated so that macroscopic facets are damaged or 
destroyed, and/or surfaces of high Miller index are created, and higher 
surface energy faces formed thereby. 

sourceto^Sfs'^may have a narrow size distribudon or a reladvely wide 
size dismbmion. Provided Ihe conditions are chosen s«ch *a. *e Wulff 
effect dontores in *e crysral grow*. d,=n the mass of faceted single 
crystals produced will have essenUally the same size distribution as thai of 
the source crystals.' 
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■n^ invcnuon tas appfanon to a,e grow* or syndesis of/ff r.ng»_«f^ 
crvs^ls which uUlise high .cmptraia,* and high pressure condu.o,^. 

The size of the source crystals, wiU vary according to *e nar«c of .he 
crystal being grown. 

The so„r« cysuls may also be provided by particles comprising . core of 
and a coating ot a soluble material such as a layer of a 
solvent/catalyst, provided, of course, that the diamond particle of the core 
has high MBler index surfaces and is substantiaUy free of macroscopic 

facets- 

The source crystals can also be provided by a particle comprising a cor. of 
any material having a cladding or coating of the crystal to be grown. 

solvent/catalyst which is used will depend on the namre of .he co-sol 
being grown. Examples of such solvent/catalysts in the case of diamo«i are 
„.„si.ion metal elements such as iron. cobaU, nic.el. manganese and alU,ys 
containine any one of these me«ls. stainless steels, superalloys (e.g. cobalt, 
nickel aitd iron-based). silicon steels, bronzes and brazes such as 
nicKel/phosphorus. ' nickel/chromium/phosphorus a«i nickel/palladium. 
Other soluble solvent/caulysts for diamond synthesis are elements, 
compounds and alloys rot comaining transition meuls. e.g. copper. 
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copper/aluminiun, .nd phosphorus, and «,n-m.unic maierUls or a m««re 
Uiereof such as alkaline, alkalme car* mecal hydroxides. caxboraKS and 
,ulpha«s. chlora.es and silicates (such as hydrared fomB of fors«ri« and 
enstatiie). 

to UK case of diamond. Ae source parricles may be symheuc diamond made 
by convemional high pressureflugh umperanare processes or oAer suitable 
technique, or natural diamond. 

U« case of diamond fej n.h i r hnr n n n i»dg grow*, .he syndesis condtoons 
rr^y be *ose under which fte corsul is Aermodynamically suble. These 
condiUons are well taown in *e ar.. However, i. U also possible .0 
P„,duce diamond grow* under condiuons which are outside *c r=g.on of 
.^y^c su,bili.y of diamond. Condiuons of .emperamre and 
pressure ou.side.*e region of *ermodynan>ic srabiUry of diamond can be 
used if *e Ostwald rule dominatts *e grow* process ra*er *an *e 
Oswald-Volmer rule (see Bohr. R Haubner and B U« Diamond and 
Reuud Materials volume 4. pages 714 - 719. 1995) - "According to *e 
. Ostwald mle. if energy is wi*drawn from a system wi* severe energy 
staKS *e sysurm wUl no. reach *e suble ground s.a« direcrly. bu. insKad 
will g^dually pass *rough all imermediate states. In addition, according .0 
^ Ostwald-Volmcr rule. *e less dense phase is formed (nucleated) frst. 
Where *e .wo mles would appear .0 contradict each o*er. Ute Ostwald- 
Volmer mle has priori^ over *e Ostwald rule." In UK case of diamond 
crysul grow* ou«ide its region of *ennodynamic stability. *e (Jsrwald- 
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rTATMS 



A mass of/ciysials having a size of less than 100 microns and m which mass 
ihe majority of the^rystals are faceted smgle crystals. 



A mass of crystals according to claim 1 wherein at least 80% of the mass 
are faceted single crystals. 

^ - 
_^^^B,ass^^^^^y6tBte-« xuid ii ig lu ulaiiii 1 ui Llami 1 wlitiLiii d ie Liysuls aic. 

-^iamend-ciystals: 

'^.f thod of producing a mass of/c'ils^ls,.^>^ch arc predominanUy 
macroscopically faceted single crystals, includ^-^the steps of providing a 
source of^t^'sta TgdiL ijp c to be gro^ and which are substantially free of 
macroscopically faceted surfaces, producing a reaction mass by bringing the 
source into contact with a suitable solvent/catalyst, subjecting the reaction 
mass 10 conditions of elevated temperamre and pressure suitable for crystal 
growth in the reaction zone of a high lemperarure/high pressure apparaws. 
removing the reaction mass from the reaction zone and recovering the 
crystals from the reaction ma^s.^U^e conditions of crysta^.^rowth^eing 
chosen such that the source ^rystals are converted to^rystals havmg 
developed macroscopic facets of low Miller index. 
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A method according to claimXwherein the mass of^iysials contains at least 
80% of macroscopically faceted single crystals. 



^B,e;bod.^>«^f44Rg -to L kiiii D .yhLidii diL crystnls are diamon d r nrrnk 

3 or oUi'-^ . . ^ 

A method according to claim /^/wherein the elevated temperature is in the . 

range of 1100 to 1500'C and the elevated pressure in the range of 4.5 to 
7GPa. 

^tthod according to any one of claims^^^herein the supersaturation 
driving force necessary for crystal growth is generated predominantly by the 
difference in surface free energy between low Miller index surfaces and 
high Miller index surfaces of the source^rystals. 

A method according to any one of claims^/4He=& wherein the Wulff effect 
dominates. 
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